Horseback riding is an effective exercise for improving postural control and balance. To reduce costs and improve accessibility, simulated horseback riding has been developed; but no differential effects of simulated and real horseback riding on muscle activation patterns in older adults have been studied. Thus, we compared muscle activation patterns for older and younger adults engaged in real and simulated horseback riding exercises, using surface electromyography recordings of the erector spinae, rectus abdominis, internal oblique abdominis, and rectus femoris muscles. We recorded muscle activity for three riding patterns: walk, slow trot, and fast trot. Muscle activation was uniformly higher for simulated (vs. real) horseback riding and increased from the walking pattern through slow and fast trot. There was no age effect, but among older participants, muscle activation was higher for simulated (vs. real) horseback riding across all gait types. Simulated and real riding produced a similar pattern of muscle activation of the thigh and trunk. These results demonstrate that simulated horseback riding can be an effective alternative to actual riding for increasing trunk and thigh muscle activation and improving postural control and balance, perhaps especially among older adults.
Introduction
As societies are aging worldwide, there has been an increased emphasis on health promotion among older adults to support their continued independent living. Physical activity in leisure and sports has been seen as essential for maintaining health and quality of life among older persons, and exercise programs increase strength, exercise capacity, and balance control (Araujo, Silva, Costa, Pereira, & Safons, 2011; Zadnikar & Kastrin, 2011) . To date, the therapeutic effects of horseback riding (HR) have largely been evaluated in children with neurodevelopmental disabilities, including cerebral palsy (Bertoti, 1988; Whalen & CaseSmith, 2012; Zadnikar & Kastrin, 2011) , autism spectrum disorder (Bass, Duchowny, & Llabre, 2009; Ward, Whalon, Rusnak, Wendell, & Paschall, 2013) , and Down syndrome (Champagne & Dugas, 2010) . There has also been some evidence of HR rehabilitation effectiveness for adults with hemiparetic stroke (Han et al., 2012) and multiple sclerosis (Bronson, Brewerton, Ong, Palanca, & Sullivan, 2010; Silkwood-Sherer & Warmbier, 2007) , leading to current interest in using HR to promote strength and conditioning and to improve posture among healthy individuals. HR, compared with conventional walking, has recently shown beneficial effects on static balance and locomotion (Araujo et al., 2011; Homnick, Nenning, Swain, & Homnick, 2013) and increased gait speed and muscle strength (Aranda-Garcı´a, Iricibar, Planas, Prat-Subirana, & Augulo- Barroso, 2015) . In addition, HR has been promoted for its specific ability to engage and motivate people toward continued exercise (Zadnikar & Kastrin, 2011) . HR is effective for improving postural control (Araujo et al., 2011; Zadnikar & Kastrin, 2011) , balance (Shurtleff & Engsberg, 2012) , gross motor function (Casady & Nichols-Larsen, 2004; Sterba, Rogers, France, & Vokes, 2002; Whalen & Case-Smith, 2012) , energy expenditure (Bongers & Takken, 2012; Devienne & Guezennec, 2000) , and psychological well-being (Bizub, Joy, & Davidson, 2003; Davis et al., 2009; Granados & Agı´s, 2011) . HR might also improve motor coordination and other aspects of fitness, though evidence for these further effects is currently limited (Aranda-Garcı´a et al., 2015; Hosaka et al., 2010) .
The effects of HR are particularly interesting with regard to an aging population, as HR facilitates postural muscle activation, including the rectus femoris (RF), erector spinae (ES), internal oblique (IO), external oblique (EO), and rectus abdominis (RA; Lee et al., 2011; Park, Lee, Lee, & Lee, 2013) . Activation of these core muscles plays an important role in improving postural control among older adults, because it facilitates performance of activities of daily living by facilitating the transfer of intersegmental momentum and torque between upper and lower limbs (Behm, Drinkwater, Willardson, & Cowley, 2010) . Conversely, a decreased core strength with a weakened postural control has contributed to poor motor coordination and decreased motor function and quality of life among older adults. Limitations of widespread use of HR as an exercise program for older adults include its cost, low accessibility, and safety concerns (Hosaka et al., 2010; Silver, 2002) . Accordingly, horseback riding simulators (HRS) have been developed for such multiple purposes as (a) teaching HR, (b) an alternative sport activity, (c) medical or aerospace training, and (d) providing a safe, accessible, fun, and economical form of exercise (Issenberg, McGaghie, Petrusa, Lee Gordon, & Scalese, 2005) . As the socioeconomic costs of caring for aging adults with poor postural control and balance are significant, there are many reasons to seek new means of promoting continued physical exercise and core strengthening activities in this population.
HRS can substitute for HR, perhaps with similar exercise benefits on postural control (Borges, Werneck, Silva, Gandolfi, & Pratesi, 2011; Han et al., 2012) and muscle strength (Mitani et al., 2008; Yoo et al., 2014) , even while HRS (vs. HR) reduces the aerobic demand in healthy adults (Shimomura et al., 2009 ), children (Rigby, Papadakis, Bane, Park, & Grandjean, 2015) , and healthy older adults (Kim et al., 2016) . Although a previous study reported that older adults showed greater interest in HRS than did younger adults (Kim et al., 2016) , the HRS effect on postural control for older adults was not investigated. In the context of this literature and the possibility that HRS might provide an alternative, lower intensity, cost-effective, convenient, accessible, and safe exercise for older adults, we sought to compare the effects of HRS and HR on core muscle activation patterns among healthy younger and older adults.
Method Participants
We recruited 51 participants for four experimental groups by stratified sampling method: (a) HRS younger adults (n ¼ 13; mean age ¼26.7 AE 3.5 years; male ¼ 5, female ¼ 8); (b) HRS older adults (n ¼ 11; mean age ¼ 68.4 AE 5.8 years; male ¼ 6, female ¼ 5); (c) HR younger adults (n ¼ 18; mean age ¼ 21.4 AE 3.5 years; male ¼ 8, female ¼ 10); and (d) HR older adults (n ¼ 9; mean age ¼ 60.6 AE 3.0 years; male ¼ 4, female ¼ 5). We recruited HR participants from Jeju Island where a HR center and horse treadmill were available. Also, we engaged HRS participants from Seoul, South Korea where the simulator was made available. All participants provided informed written consent, and our study protocol was approved by the Ethics Committee of Korea University.
Inclusion criteria were that participants be healthy with no prior HR or HRS experience. Exclusion criteria were (a) any history of neuromuscular impairments or chronic back pain within one year, (b) any cardiovascular or psychological disease, and (c) any surgery or experienced trauma within the previous six months. One HR older adult participant withdrew due to back pain induced by the fast trot condition. In addition, the data of three HRS younger adults and one HR younger adult were excluded due to poor muscle activity signal acquisition. The remaining final dataset used for analyses included 46 participants (HRS younger adults ¼ 10, HRS older adults ¼ 11, HR younger adults ¼ 17, and HR older adults ¼ 8). Relevant demographic characteristics of participants are summarized in Table 1 . There were no significant differences in demographic variables among the groups recruited at the two locations (p < 0.05).
Procedures
Core muscle activation was evaluated for three gait speeds selected by three experts (two professors from the School of Equine Science, Department of Physical Therapy, and one research professor in motor control and development): (a) walk ¼ 80 m/minute, (b) slow trot ¼ 135 m/minute, and (c) fast trot ¼ 159 m/minute. The similarity between HR and HRS was confirmed by expert riders with more than five years experience with previous research involving HR and HRS similarity (Park et al., 2014) . This previous research showed a high HR/HRS correlation (R 2 ¼ 0.997) in time-to-peak acceleration for evaluating movement patterns and obtaining accurate information about spatiotemporal parameters (Park et al., 2014) . Figures 1 and 2 show HR and HRS arrangements. HR was performed using two trained Halla horses (height: 154-156 cm, weight: 380-400 kg). HRS was performed using a FORTIS-102 simulator (Daewon FORTIS, South Korea), which provides a similar movement pattern of native gait patterns of real horses (Park et al., 2014) for both HR and HRS, the three gait patterns were performed in 15-minute blocks, presented randomly, with an 8-minute rest between blocks. For HR, the Horse Gym 2000 treadmill (Horse Gym, USA) was used to regulate the gait speed, and gait pattern, with two expert riders facilitating the session. Participants' resting blood pressure and heart rate were measured prior to the start of the first riding block. All participants wore a safety harness, and their heart rate was monitored throughout the session to identify any emergency situation (RS 400, POLAR, USA). For riding, participants sat on the saddle and held the reins lightly with both hands. The experiment was immediately terminated in the event that a participant reported pain, dizziness, or any other discomfort.
Data Collection
Muscle activation of the muscles ES, RA, IO, and RF were recorded bilaterally using an eight-channel surface electromyography system (Delsys Bagnoli, Boston, MA, USA). The skin was prepared by cleaning with an alcohol pad and shaving by a razor if necessary for good electrode contact and by rubbing with an alcohol pad prior to electrode placement to reduce skin impedance. Electrodes for the muscles ES and RF were placed according to the SENIAM recommendations (Hawkes, Siu, Silsupadol, & Woollacott, 2012) . For RA, electrodes were placed 2 cm lateral to the umbilicus (Yang, Koontz, Triolo, Mercer, & Boninger, 2006) , and for IO, electrodes were placed one cm medial to and under the anterior superior iliac spine (Ng, Parnianpour, Richard, & Kippers, 2001) . Muscle activity signals were recorded at 1,000 HZ, with electrodes placed two cm apart to avoid crosstalk or noise. All signal amplitudes were normalized to a maximal voluntary isometric contraction (MVIC) obtained for each muscle prior to the start of the riding block. MVICs were held for 10 seconds, with three seconds of averaged data used for normalization signals were verified at intervals throughout the riding block to ensure recording quality.
Data Analysis
Within each 15-minute riding block, 180 seconds of signals were extracted during steady state performance for later analysis. The first five minutes of the riding block were considered an adaptation, with steady state assumed during the following 10 minutes. Raw Electromyography (EMG) data, sampled at 1000 Hz, were normalized to the MVIC for each muscle, filtered at 60 Hz to eliminate cable-induced artifacts, low-pass filtered (second-order bidirectional Butterworth, cutoff frequency of 20 Hz) and rectified. Rectified signals were normalized to time and integrated. All signal processing was performed using a customized MATLAB program (R2015b, Math Works Inc., USA). Main effects of gender and laterality were evaluated using univariate analysis, with no significant differences in signal amplitude identified between right and left sides for each individual (p > 0.05) or between male and female participants (p > 0.05). Therefore, effects of gender and laterality were not considered as between-and within-factors, respectively. Two different repeated measures analysis of variance (ANOVA) were performed. The first three-way repeated measures ANOVA examined difference of muscle activation on gait pattern, riding types, and age groups: within-factor effects (three levels: walk, slow trot, and fast trot), between-factors effects of type (two levels: HRS and HR), and age (two levels: younger and older). We conducted a second three-way repeated measures ANOVA to evaluate difference of each muscle activation on the location of muscle, riding types, and age groups: within-factors location of the muscles (four levels: ES, RA, IO, and RF), between-factor effects of riding types (two levels: HRS and HR), and age (two levels: younger and older). All statistical significance levels were set at 0.05, with Bonferroni post hoc tests used to evaluate identified main effects and interactions. All analyses were performed using SPSS (version 19, IBM Corporation, USA).
Results
Effects of riding types, gait pattern, and age on the activity levels of each muscle are shown in Figure 3 . Overall, muscle activation was higher when using the HRS for all individuals: ES, F(1, 40) ¼ 8.94, p < 0.05; RA, F(1, 40) ¼ 7.99, p < 0.05; IO, F(1, 40) ¼ 4.45, p < 0.05; and RF, F(1, 40) ¼ 12.12, p < 0.05. IO activation was maximum at slow trot, F(1.17, 46.93) ¼ 6.01, p < 0.05 (Figure 4) , with no effect of gait pattern identified on activation of ES, F(1.10, 43.91) ¼ 3.23, p > 0.05; RA, F(2, 80) ¼ 2.49, p > 0.05; and RF, F(1.89, 75.62) ¼ 2.27, p > 0.05. Activation of RF was higher in younger than in older adults, F(1, 40) ¼ 7.05, p < 0.05, with an interaction between activity level, riding types, and age, F(1, 40) ¼ 6.09, p ¼ 0.018 ( Figure 5) .
We also identified a discrete effect of speed of gait on the pattern of activation of different muscles. The between-muscle level of activation was different at all three speeds of gait: walk, F(3, 40) ¼ 3.32, p < 0.05; slow trot, F(3, 40) ¼ 3.66, p < 0.05; and fast trot, F(3, 38) ¼ 3.47, p < 0.05. Activation was significantly higher in IO than in ES at all three gait speeds (p < 0.05; Figure 6 ). A significant effect of riding types was identified at all three gait speeds: walk, F(1, 42) ¼ 12.67, p < 0.05); slow trot, F(1, 42) ¼ 12.61, p < 0.05; and fast trot, F(1, 40) ¼ 14.54, p < 0.001, with activation levels being higher for HRS regardless of gait speeds. No effect of age was identified, regardless of gait speed: walk, F(1, 42) ¼ 2.72, p > 0.05; slow trot, F(1, 42) ¼ 2.74, p > 0.05; and fast trot, F(1, 40) ¼ 1.85, p > 0.05. An interaction between muscle and age was identified at all three gait speeds-walk, F(3, 40) ¼ 5.52, p < 0.05; slow trot, F(3, 40) ¼ 5.76, p < 0.05; and fast trot, F(3, 38) ¼ 7.39, p < 0.05-as well as Riding Types Â Age interaction: walk, F(3, 40) ¼ 4.66, p < 0.05 (Figure 7(a) ); slow trot, F(3, 40) ¼ 5.49, p < 0.05 (Figure 7(b) ); and fast trot, F(3, 38) ¼ 6.03, p < 0.05; (Figure 7(c) ). 
Discussion
We investigated core muscle activation (ES, RA, IO, and RF) with HR and HRS, at three gait speeds, to differentiate effects of riding types (real vs. simulated) between younger and older adults. We found evidence of a greater activation of muscles (generally twice the recorded magnitude) with HRS, compared with real HR (see Figure 3) , supporting the use of simulated HR to increase conditioning and strength capacity of core muscles in both healthy younger and older adults. Generally, core muscles include the abdominal muscles (RA, transverse abdominis, and IO), back muscles (ES, multifidus, and iliocostalis), and thigh muscles (RF, tensor fascia latae, gluteus medius, adductor ; Handzel, 2003; Hibbs, Thompson, French, Hodgson, & Spears, 2011) . In addition to facilitating activation of core muscles, both HR and HRS produce complex muscle coordination that is required for dynamic postural control. Trunk muscle and RA, in particular, have been shown to synchronize their activation to the movement of the horse (Terada, Mullineaux, Lanovaz, Kato, & Clayton, 2004) . Therefore, we postulate that the muscles of the trunk and thigh were coactivated during HR and HRS to coordinate body segments for posture. The higher activation achieved with HRS would support a higher intensity potential for exercise training of postural muscles with simulated versus real HR for a healthy population. We identified discrete interactions between gait speed and age, specifically with RF activation. IO activation was greater than the activation of all other muscles at slow and fast trot. IO seems to play a special role in postural control, increasing intraabdominal pressure, assisted by RA and transverse abdominis (De Looze, Groen, Horemans, Kingma, & Van Dieen, 1999) . IO also stabilizes the trunk by stiffening and protecting the spine (Faries & Greenwood, 2007) . Therefore, the greater activation of the IO muscle in fast trot illustrates its critical role for trunk stability, resisting the complex perturbation to postural control. RF activity was greater in younger than in older individuals. Previous research has shown that novice riders use greater adductor muscle activity (vs. RF and ES) to stabilize their posture (Terada et al., 2004) . Although our methods precluded recording of hip adductor muscles during riding, the greater RF activation among younger adults suggests their use of hip flexion to control their posture, while older individuals rely more on IO. Interestingly, this agedependent difference in RF activation was identified with HRS, but not with HR, suggesting that HRS requires greater RF activation than HR for postural control even though this simulator was known to imitate movement patterns similar to a real horse (Park et al., 2014) . This phenomenon might be a specific characteristic of this simulator's hardware system, but the simulator differs from HR in that it lacks the soft living tissue and fluid muscle and respiratory functioning of a living organism, perhaps creating a limitation in its ability to absorb any impact from motorized simulation or coordinate interactions between the animal and human as during real-horse riding.
Symmetrical muscle activation is important to postural stability (Terada et al., 2004) , and HR seems to assist this symmetry which can be of particular benefit to older adults. In addition, the increased activation of core muscles facilitates proprioceptive integration, with overall benefits on muscle strength, balance, and functional movement (Borghuis, Hof, & Lemmink, 2008) . There were no differences between the HR and HRS riding systems in asymmetrical muscle activation, meaning that HRS can yield similar exercise benefits for symmetrical muscle activation as HR. While our results reveal that simulated HR provides an alternative to traditional core exercise programs and may have particular benefit for older adults, our study was limited, by measurement of a discrete exercise effect, and benefits seem to require repeated and prolonged exercise. Future studies will need to elucidate whether (a) there are differences among different types of HRS, (b) HRS provides additional benefits or drawbacks with respect to core muscle strength, balance, and functional mobility, psychological well-being, exercise motivation, and related variables, and (c) similar benefits may accrue to children or various clinical populations.
